Brodie SM, Villamayor A, Borich MR, Boyd LA. Exploring the specific time course of interhemispheric inhibition between the human primary sensory cortices. J Neurophysiol 112: 1470 -1476, 2014. First published June 18, 2014 doi:10.1152/jn.00074.2014.-The neurophysiological mechanism of interhemispheric inhibition (IHI) between the human primary sensory cortices (S1s) is poorly understood. Here we used a paired median nerve somatosensory evoked potential protocol to observe S1-S1 IHI from the dominant to the nondominant hemisphere with electroencephalography. In 10 healthy, right-handed individuals, we compared mean peak-to-peak amplitudes of five somatosensory evoked potential components (P14/N20, N20/P25, P25/N30, N30/P40, and P40/N60) recorded over the right S1 after synchronous versus asynchronous stimulation of the right and left median nerves. Asynchronous conditioning ϩ test stimuli (CSϩTS) were delivered at interstimulus intervals of 15, 20, 25, 30, and 35 ms. We found that, in relation to synchronous stimulation, when a CS to the left S1 preceded a TS to the right S1 at the short intervals (15 and 20 ms) the amplitude of the cortical N20/P25 complex was significantly depressed, whereas at the longer intervals (25, 30, and 35 ms) significant inhibition was observed for the thalamocortical P14/N20 as well as the cortical N20/P25 components. We conclude that the magnitude of S1 IHI appears to depend on the temporal asynchrony of bilateral inputs and the specific timing is likely reflective of a direct transcallosal mechanism. Employing a method that enables direct S1 IHI to be reliably quantified may provide a novel tool to assess potential IHI imbalances in individuals with neurological damage, such as stroke.
interhemispheric inhibition; transcallosal inhibition; primary sensory cortex; sensory evoked potentials; electroencephalography THE ABILITY TO PRODUCE skilled, coordinated movements relies on dynamic interactions between the two hemispheres of the brain. For example, in the motor system it is well known that the activation of one hemisphere during a simple task results in decreased activation of the other hemisphere (Duque et al. 2007 ). This reciprocal interhemispheric inhibition (IHI) is increased during one-handed movements and is thought to prevent unwanted mirror movements of the opposite hand. Alternatively, during tasks that require the movement of both hands simultaneously IHI is decreased (Nelson et al. 2009 ).
The mechanisms underpinning IHI in the motor system have been thoroughly investigated (Butefisch et al. 2008; Daskalakis et al. 2002a; De Gennaro et al. 2003; Duque et al. 2005; Ferbert et al. 1992; Fling et al. 2013; Garvey et al. 2001) . Homologous areas of the primary motor cortices (M1s) of each hemisphere are connected by a distinct segment of the corpus callosum (Fling et al. 2013) . Activation of M1 in one hemisphere sends an excitatory signal transcallosally that excites inhibitory interneurons in the contralateral M1, decreasing its net excitatory output (Daskalakis et al. 2002b ). Outside of M1, a similar transcallosal IHI has also recently been reported between the dorsolateral prefrontal cortices of each hemisphere (Voineskos et al. 2010) .
The somatosensory system is tightly linked to the motor system and is also critical for coordinated movement. However, the mechanism of IHI between sensory cortices is not as well understood. In humans, postmortem anatomical analyses (Aboitiz 1992) and in vivo magnetic resonance diffusion weighted imaging (Fling et al. 2013 ) have described a distinct section of the corpus callosum connecting primary sensory cortices (S1s), and an accumulating body of evidence suggests that, similar to the motor system, activation of S1 in one hemisphere can modulate the activity of S1 in the contralateral hemisphere (Blankenburg et al. 2008; Clarey et al. 1996; Eickhoff et al. 2008; Hlushchuk and Hari 2006; Kastrup et al. 2008; Klingner et al. 2011; Lipton et al. 2006; Meehan et al. 2011) . Despite the evidence that somatosensory IHI may occur, few studies have examined the precise neurophysiological mechanisms involved. Furthermore, the results from studies of somatosensory IHI have been divergent (Hoechstetter et al. 2001; Jung et al. 2012; Ragert et al. 2011; Reed et al. 2011) , most likely because of methodological variation. Thus to date, it remains controversial whether IHI between S1s is transmitted directly via the corpus callosum (similar to IHI between M1s), indirectly via intrahemispheric secondary cortical or subcortical regions, or alternatively as some combination of pathways.
Ragert and colleagues (2011) used electroencephalography (EEG) to examine the time course of interhemispheric interactions between the S1s in humans. Using a paired median nerve somatosensory evoked potential (PMNSEP) protocol, the authors showed that the amplitude of the N20 potential, the earliest component of the cortical sensory evoked potential (SEP), recorded over the left S1 was depressed when a conditioning stimulus (CS) was applied to the left median nerve (MN) 20 -25 ms before a test stimulus (TS) to the right MN (Ragert et al. 2011) . The authors concluded that this was direct evidence for transcallosal IHI in the human somatosensory system (Ragert et al. 2011) .
The suggestion that the two S1s may be directly linked is intriguing and warrants further investigation. Developing a method by which direct S1 IHI may be reliably quantified may provide a novel tool to assess potential IHI imbalances in individuals with neurological damage, such as stroke. That is, similar to the motor system, S1-S1 IHI imbalances could be predictive of sensorimotor impairment. Thus the present study aimed to determine the robustness of S1-S1 IHI by extending the PMNSEP paradigm described by Ragert and colleagues (2011) . Specifically, we reversed the presentation of the CS and TS to target the right rather than the left S1. In addition, we compared asynchronous stimulation to synchronous, bimanual stimulation rather than unimanual stimulation. Given the reports of transcallosal fibers connecting homologous regions of S1 in each hemisphere Fling et al. 2013) and the well-recognized importance of interhemispheric coordination for the production of skilled sensorimotor behaviors, we hypothesized that a direct S1-S1 transcallosal inhibitory influence would persistently be observed.
METHODS
Experimental procedure. Ten healthy adults (mean age Ϯ SD ϭ 28.3 Ϯ 5.4 yr; 5 women, 5 men) were recruited. All participants were right-handed according to an adapted version of the Edinburgh inventory for the assessment of handedness (Cohen 2008; Oldfield 1971) [augmented laterality index: mean Ϯ SD ϭ 83.33 Ϯ 17.21, over a range of Ϫ100 (fully left-handed) to ϩ100 (fully right-handed)]. The research ethics board of the University of British Columbia approved all procedures. Written informed consent was obtained from all participants according to the Declaration of Helsinki.
The PMNSEP paradigm was adapted from that described by Ragert et al. (2011) . Briefly, a CS was delivered to the right MN, followed by a TS to the left MN, in a series of different interstimulus intervals (ISIs) (Fig. 1) . ISIs of 15, 20, 25, 30 , and 35 ms were tested. In addition, a synchronous 0 ms ISI condition (i.e., the 2 MNs being stimulated at exactly the same time) was collected to be used as a baseline condition. This was included as it is well known that differences in directed attention can alter sensory processing and SEP amplitudes (Garcia-Larrea et al. 1991) . Therefore, the 0 ms condition served as a more appropriate baseline for comparison, as it divided attention between the two hands.
Paired median nerve somatosensory evoked potential paradigm. Participants were seated comfortably upright in a chair, with arms resting in a supinated position on a pillow in their lap, and were instructed to remain relaxed with their eyes closed during stimulation. Surface electromyography (EMG) was recorded from the abductor pollicis brevis (APB) muscle of each hand. Standard bar electrodes were placed over the MN on the inside of the wrist, aligned with the wrist crease, with the cathode proximal. Electrical pulses were triggered with LabChart7 software (ADInstruments) via a PowerLab 8/35 data acquisition system (PL3508, ADInstruments) and were delivered to participants with two constant-current stimulators (DS7 and DS7AH, Digitimer, Welwyn Garden City, UK). Stimulation was delivered at 2 Hz, with a square-wave, monophasic pulse width of 0.1 ms. Precise MN localization was based on individual reports of a tingling sensation in the MN distribution, including the thumb, index, and middle finger. The intensity of stimulation was then increased to produce a muscle twitch in the APB of ϳ1 mV peak to peak (mean Ϯ SD ϭ 962.066 Ϯ 202.326 mV for right hand, 1,085.270 Ϯ 216.274 mV for left hand). EMG activity was visually monitored online throughout the experiment, and small adjustments in stimulation intensities (Ϯ1-2 mA) were made when necessary to maintain consistent muscle twitch amplitudes. Participants were asked to report any discomfort or fatigue throughout the experimental session.
SEPs were recorded with a direct current full-band EEG system (NEURO PRAX EEG, NeuroConn, Ilmenau, Germany) from 29 electrode locations across the sensorimotor areas of both cortices, labeled according to the International 10-20 System. An electrode placed on the right mastoid (channel TP10) was used as a reference during online recording, and the ground electrode was located on the skull, 1 cm posterior and 1 cm lateral to the head centroid (Cz). The skin-electrode impedance was kept below 5⍀. EEG data were acquired with an online notch filter (60 Hz) and digitized at a sampling rate of 1,000 Hz. Three hundred epochs of 300 ms (100 ms baseline and 200 ms after TS delivery) were recorded for each condition (TS alone, CS alone, and CSϩTS at 0-, 15-, 20-, 25-, 30-, 35-ms ISIs). The order of conditions was randomized for each individual.
SEPs were analyzed off-line with open-source EEGLAB software (version 13) (Delorme and Makeig 2004) running under the MATLAB (version 7.14) environment. Raw EEG data were rereferenced to AFz, digitally high-pass filtered (cutoff 1 Hz), and cleaned from line noise (60 Hz plus harmonics removed with the CleanLine plugin for EEGLAB), and the 300 epochs of 300-ms duration were averaged for each condition. Epochs with significant noise and/or artifact were objectively identified and rejected with the default automated thresholding method in EEGLAB (17 Ϯ 8 of 300 epochs rejected per trial). After visual inspection, a secondary 15-Hz high-pass filter was applied to all data sets in order to correct for pervasive signal drift.
An asymmetry in the strength of transcallosal inhibition (TCI) has been reported in the human motor system, such that inhibition sent from the "dominant" hemisphere to the "nondominant" hemisphere is stronger than "nondominant" to "dominant," particularly in righthanded individuals (Netz et al. 1995) . Consequently, we opted to examine the influence of the left (dominant) S1 on the right (nondominant) S1. Thus for the purpose of the present study, analysis was restricted to electrode CP4, overlying S1 of the right (target) hemisphere. To eliminate the potential influence of an ipsilateral component from the initial CS (right MN stimulation) on the subsequent contralateral response to the TS (left MN stimulation), the average ipsilateral SEP response from right MN stimulation (CS) at electrode CP4 was subtracted from the average raw SEP response from each CSϩTS condition (CSϩTS raw Ϫ CS alone at CP4). Peak-to-peak amplitudes of five components (P14/N20, N20/P25, P25/N30, N30/ P40, and P40/N60) of the SEP recorded over CP4 were extracted manually based on plots of the subtracted values for each individual under each condition, according to the description by Ragert et al. (2011) .
Statistical analyses. All analyses were performed with SPSS software (version 20). Descriptive statistics were examined for the peakto-peak amplitudes of each SEP component for each ISI, and outliers Ͼ 2
Fig. 1. The paired median nerve somatosensory evoked potential (PMNSEP) paradigm. A conditioning stimulus (CS) was delivered to the right median nerve (MN) followed by a test stimulus (TS) to the left MN at various interstimulus intervals. MN stimulation was adjusted online to maintain a 1-mV peak-to-peak muscle twitch potential, recorded from the abductor pollicis brevis (APB) muscle of each hand. Sensory evoked potentials (SEPs) were recorded from channel CP4, overlying the primary sensory cortex (S1) in the right hemisphere. Interhemispheric inhibition occurs from the left (dominant) hemisphere to the right (nondominant) hemisphere. standard deviations were removed (2.3% of the values). A two-way 5 ϫ 7 repeated-measures analysis of variance (ANOVA RM ) was performed with Component (P14/N20, N20/P25, P25/N30, N30/P40, P40/N60) and ISI (TS alone, 0, 15, 20, 25, 30, 35 ms) as withinsubject factors. Mean peak-to-peak component amplitude was the dependent measure. Five one-way ANOVA RM s were then performed for each SEP component, with ISI (TS alone, 0, 15, 20, 25, 30, 35 ms) as the independent variable and component amplitude as the dependent measure. Bonferroni-adjusted ␣ levels of 0.01 (0.05/5) were used to correct for multiple comparisons. Greenhouse-Geisser corrections for nonsphericity were applied when necessary (i.e., when the significance of the Mauchly statistic was Ͻ0.05). Hypothesis-driven pairedsamples t-tests were then performed to identify differences in specific SEP component amplitudes. Significance levels were uncorrected for planned comparisons (Rothman 1990) .
RESULTS
The positive and negative peaks of the SEPs were considered visually distinguishable for each individual at each condition, except for the TS-only condition for one individual. In that particular case, electrical line noise drastically masked the components of the SEP and the trial was excluded from all analyses. Mean peak-to-peak amplitudes for each component at each ISI are reported in Table 1 , and grand averages for each condition are shown in Fig. 2 .
A two-way ANOVA RM revealed a significant Component ϫ ISI interaction (F 24,96 ϭ 2.866, P ϭ 0.000). Separate follow-up one-way ANOVA RM s for each component revealed a significant effect of ISI for the short-latency P14/N20 (F 6,36 ϭ 4.050, P ϭ 0.003) and N20/P25 (F 2.067,14.471 ϭ 8.155, P ϭ 0.004) components. A significant effect of ISI was not observed for any of the longer-latency SEP components (P25/N30: F 2.686,21.487 ϭ 1.252, P ϭ 0.314; N30/P40: F 2.472,17.304 ϭ 2.006, P ϭ 0.158; P40/N60: F 6,42 ϭ 2.000, P ϭ 0.087). Significance level was adjusted to P Ͻ 0.01 for multiple comparisons.
Paired-samples t-tests revealed no significant differences between any of the five SEP components in the TS alone condition compared with the 0 ms condition (P Ͼ 0.156). Therefore, the 0 ms condition was used as the basis for all further planned comparisons. 
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Time ( Only the SEP components that demonstrated a significant main effect of ISI (P14/N20 and N20/P25) were considered for planned comparisons. The mean peak-to-peak amplitude of P14/N20 recorded at CP4 was significantly depressed at CSϩTS ISIs of 25 ms (t 9 ϭ 2.439, P ϭ 0.037), 30 ms (t 8 ϭ 3.183, P ϭ 0.013), and 35 ms (t 8 ϭ 2.987, P ϭ 0.017) relative to 0 ms. No such changes were observed for the P14/N20 component at CSϩTS ISIs of 15 or 20 ms (P Ͼ 0.520; Fig. 3A) . Moreover, compared with the 0 ms condition, the mean peak-to-peak amplitude of the N20/P25 component was significantly reduced at all asynchronous CSϩTS ISIs (15 ms: t 8 ϭ 6.567, P ϭ 0.000; 20 ms: t 8 ϭ 3.448, P ϭ 0.009; 25 ms: t 8 ϭ 5.001, P ϭ 0.001; 30 ms: t 8 ϭ 3.373, P ϭ 0.010; 35 ms: t 8 ϭ 2.342, P ϭ 0.047; Fig. 3B ). Significance level was P Ͻ 0.05 for all hypothesis-driven post hoc comparisons.
DISCUSSION
The present study examined the change in SEP amplitude recorded over the right S1 following activation of the homologous left S1 due to somatosensory IHI. We discovered that 1) the mean peak-to-peak amplitude of the thalamocortical P14/ N20 component was significantly decreased when the CS preceded the TS by 25, 30, and 35 ms relative to 0 ms, 2) the mean peak-to-peak amplitude of the cortical N20/P25 component was significantly decreased when the CS preceded the TS by 15, 20, 25, 30, and 35 ms relative to 0 ms, and 3) the long-latency SEP components did not appear to be influenced by the PMNSEP paradigm at any of the ISIs studied. Ragert et al. (2011) reported that a CS applied to the left MN attenuated the early thalamocortical P14/N20 response of the left S1 to a subsequent TS applied to the right MN, but only at ISIs of 20 and 25 ms. The present study confirms and extends these findings, reporting a similar depression of comparable amplitude (ϳ30% inhibition) of the P14/N20 component recorded over the right S1 at an ISI of 25 ms. Yet we also discovered that the inhibitory effect was extended to longer ISIs of 30 and 35 ms. In addition, we observed a clear and consistent attenuation of the N20/P25 complex at ISIs of 15, 20, 25, 30, and 35 ms relative to 0 ms. In other words, in the shorter-duration ISI conditions (15 and 20 ms) it appears that the CS had enough time to interfere with the later-onset N20/P25 complex but not the earlier-onset P14/N20. Thus our data suggest that there may be a minimum time window required for the influence of the CS to influence different components of the SEP generated by the TS in the opposite hemisphere. This observation is consistent with the hypothesis that an inhibitory interaction is being transmitted between S1s via the corpus callosum. S1 is comprised of four cytoarchitechtonically and functionally distinct areas: Broca's areas 1, 2, 3a, and 3b (Geyer et al. 1999) . Afferent signals from cutaneous stimulation are transmitted first to area 3b [sometimes referred to as "S1 proper" (Kaas 1983) ] and then to the other areas of S1 and secondary cortical areas for higher processing. The short-latency P14/N20 and N20/P25 components of the SEP are driven by neural activity in area 3b (Allison et al. 1991; Jung et al. 2008 ); however, they have slightly different origins. The subcortical P14 potential is evoked when an afferent sensory stimulus synapses at the thalamus, and the N20 is evoked when the signal first reaches cortical layer 4 (Allison et al. 1991) . The P25 component is generated by the apical dendrites in cortical layers 2/3 of area 3b (Allison et al. 1991; Premji et al. 2010) . Interestingly, neurons in layers 2/3 of the cerebral cortex are primarily involved in interhemispheric communication via the corpus callosum (Jones 2004) . If the mechanism underlying the somatosensory IHI reported in the present study is in fact being transmitted across the corpus callosum, then it is not surprising that we observed an inhibitory effect in the N20/P25 component at shorter ISIs than the P14/N20 component.
In light of the present data it seems that a CSϩTS ISI of at least 25 ms is required before the P14/N20 complex is suppressed. According to our proposed model, after the CS is transmitted from the right MN to the contralateral left S1 the signal would most likely be conveyed across the corpus callosum to activate inhibitory interneurons in the homologous area of right S1, causing an inhibitory effect prior to the arrival of the N20 from the TS (which would reach the right S1 45 ms after the CS onset in the 25 ms ISI condition). Interestingly, we noted that the N20/P25 complex was inhibited at CSϩTS ISIs as short as 15 ms. In the 15 ms ISI condition, once the CS has evoked an N20 in the left S1 (20 ms), and crossed the corpus callosum (15-20 ms), its inhibition in the right S1 will presumably take effect 35-40 ms after CS onset. However, by 35 ms, the N20 from the TS in the right S1 will have already been evoked, making it immune to the inhibitory effect. The P25 potential may still be susceptible, though, as it takes place 5 ms later (Fig. 4) .
In total, our data suggest that the transcallosal conduction time between S1s is between 15 and 20 ms (Fig. 4) . These findings agree with early anatomical studies that estimated that the interhemispheric transfer time between primary somatosen- sory areas would likely be between 13 and 26 ms, based on data from the occipital system (Lines et al. 1984; Saron and Davidson 1989; Srebro 1987 ) and the comparable axonal diameter and distances (Aboitiz 1992 ). There are several alternative mechanisms by which somatosensory IHI may also occur. For example, given that there are few, if any, direct transcallosal pathways between area 3b of S1 in each hemisphere reported in nonhuman primates (Killackey et al. 1983; Krubitzer et al. 1998) , it has been suggested that somatosensory IHI may be transmitted indirectly via the betterdefined transcallosal M1 connections. Based on measures of TCI between the motor cortices, the transcallosal conduction time is assumed to be ϳ10 -15 ms (for short-interval IHI) (Ferbert et al. 1992; Reis et al. 2008) . While there are no direct neural connections between area 3b and M1 (Jones et al. 1978) , M1 and S1 are reciprocally connected via area 2 of S1 (Caria et al. 1997; Jones et al. 1978; Kaas 1993) , and sensory input is known to influence the ipsilateral motor cortex at a 5-ms delay (Ferreri et al. 2012; Goldring et al. 1970) . It is therefore possible that an S1-M1-M1-S1 pathway may mediate IHI between S1s (Zapallow et al. 2013) . However, the total transmission time from the contralateral to the ipsilateral S1 would take at least 20 ms, and perhaps longer because of the multiple synaptic steps involved. In addition to the 20 ms required for sensory information from the MN to reach the contralateral S1, the total transmission time surpasses the short ISI window examined here, making S1-M1-M1-S1 an unlikely explanation for the present observations. Similarly, extensive transcallosal projections have been reported between homologous secondary somatosensory cortical areas, such as the parietal operculum (SII) of each hemisphere (Frot and Mauguiere 1999; Hoechstetter et al. 2001; Iwamura 2000; Jones and Powell 1970; Jung et al. 2012; Krubitzer and Kaas 1990 ). Dense intracortical connections exist between area 3b and SII (Kaas 1993; Manzoni et al. 1986 ); thus it has been argued that somatosensory IHI is transmitted via an S1-SII-SII-S1 pathway, rather than directly from S1 to S1. For example, a recent study used magnetoencephalography (MEG) to measure nondominant to dominant interhemispheric communication between cortical sensory areas, using a similar CSϩTS MN stimulation paradigm (Jung et al. 2012) . The authors report a significant depression of SII activity contralateral to the TS at ISIs of 10, 20, 40, and 60 ms, yet they failed to observe a significant depression of SI activity at any of the ISIs studied (Jung et al. 2012) . Nevertheless, sensory input is thought to arrive at SII 40 ms after its initial synapse in S1 (Frot and Mauguiere 1999) , which makes this secondary cortical pathway beyond the temporal scope of the present EEG study and that of Ragert et al. (2011) . Further investigation is required in order to elucidate why early S1-S1 IHI may be observed with some methods (e.g., EEG) but not others (e.g., MEG).
One other possibility to consider is that S1 inhibition may be mediated in part by the thalamus. All somatosensory signals entering the brain from the periphery cross the midline in the brain stem and then synapse in the contralateral thalamus prior to reaching the cortex. While some thalamic nuclei are known to have an inhibitory influence on the cortex (Pinault 2004; Staines et al. 2002) , the two halves of the thalamus are structurally distinct; that is, there are no known commissural pathways connecting the two thalami (Cheng et al. 2010; Olry and Haines 2005) . It is therefore unlikely that the inhibition observed in the right hemisphere (ipsilateral to the CS) is due to direct thalamic inhibition. Furthermore, the differential inhibition observed in the P14/N20 and the N20/P25 components is not suggestive of thalamic inhibition. Given the serial nature of transmission from the thalamus to layer 4 to layers 2/3 of the cortex, if the inhibition were generated by the thalamus then both components would be influenced simultaneously (Wolters et al. 2005 ). . Schematic timeline for the differential effects of interhemispheric inhibition on the short-latency P14/N20 and N20/P25 SEP components. When the TS was preceded by the CS by 15 or 20 ms, the mean peak-topeak amplitude of the cortical N20/P25 complex was significantly depressed. However, when the TS was preceded by the CS by 25, 30, or 35 ms, a significant depression was observed for both the thalamocortical P14/ N20 complex and the cortical N20/P25. This temporal pattern suggests that a minimum of ϳ15 ms of transfer time is required for inhibition from the CS to reach the opposite hemisphere. Thick black bars indicate TS onset time, relative to the CS. *P Ͻ 0.05 uncorrected. ISI, interstimulus interval.
We conclude that the most likely explanation for the present results is direct transcallosal transmission from S1 to S1. Area 2 of S1 does have some reported callosal connections in nonhuman primates (Iwamura 2000; Iwamura et al. 2001; Killackey et al. 1983) , and areas 3b and 2 are functionally interconnected within the same hemisphere (Killackey et al. 1983; Krubitzer et al. 1998) . Once the initial inhibitory influence has been initiated, however, it is very likely that input from other areas such as M1, SII, and back projections from the thalamus may also contribute to its development.
The PMNSEP paradigm used here was similar to that used by Ragert et al. (2011) ; however, the results of the present study are not identical. Certain methodological differences may have contributed to these differences. For example, we targeted the nondominant right hemisphere, whereas Ragert et al. targeted the dominant left hemisphere. IHI in the motor system is reported to be stronger from the dominant to the nondominant hemisphere (Netz et al. 1995) ; therefore we may have detected a stronger and longer-lasting inhibitory effect in our experiment. In addition, our MN stimulation intensities may have been stronger and more consistent throughout the experiment. Ragert et al. (2011) report evoking a small but visible twitch in the thumb, and they did not change the intensity of stimulation once it had begun. We monitored EMG activity online and made adjustments as necessary to maintain consistent 1 mV peak-to-peak amplitudes in both hands throughout every trial in the experiment. Finally, we chose 0 ms rather than TS alone as our baseline condition, as individuals are more likely to direct their attention to the hand being stimulated during the TS-only condition, whereas their attention would more likely be divided when both hands were being stimulated simultaneously. This was justified by a nonsignificant difference between any of the SEP components evoked by the TS alone versus CSϩTS simultaneously (0 ms).
It is important to note, however, that the mechanism proposed here is a hypothesis that requires additional testing, and the present study had some limitations. Measuring peak-topeak amplitudes of evoked cortical responses at a single channel is a simple, yet relatively crude way of inferring cortical processing mechanisms. Future work may analyze independent components and localize their anatomical sources in an effort to circumvent this issue. Because IHI in the motor system is known to correlate with bimanual coordination and motor function, it would be important to measure behavior associated with somatosensory IHI. At this time, the relationship between somatosensory IHI and behavior has yet to be fully elucidated.
Conclusion. In sum, analogous to the motor system, the degree of S1 IHI appears to depend on the temporal asynchrony of bilateral inputs, and the specific timing is reflective of a transcallosal mechanism. Future studies may consider not only whether this IHI has behavioral or perceptual correlates in healthy individuals but also whether it may be used in neurological disorders such as stroke to predict impairment and potential benefit from therapeutic interventions.
